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Goal of Study

• The APL LSI node has a task to study surface‐based
hydrogen measurements using neutrons
– Medium energy (or epithermal neutrons) strongly sensi-ve
to planetary hydrogen abundances.

– LSI study includes use of uncollimated/collimated neutron
sensors.

• Goal of study:  Use LRO neutron data to provide a
benchmark understanding for
uncollimated/collimated neutron sensors.  Current
presenta2on restricted to epithermal neutrons.

• The LRO Lunar Explora-on Neutron Detector (LEND)
is an orbital, collimated neutron detector.
– Use PDS data from 9/15/2009 to 3/15/2010.
– Use addi-onal informa-on from the LEND team.
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LEND Sensor Overview

• STN1, STN2, and STN3 are
uncollimated thermal neutron
sensors.

• SETN is an uncollimated
epithermal neutron sensor

• CSETN1 – 4 are four collimated
epithermal neutron sensors.
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Spacecra_ Rota-on
• The LRO spacecra_ has

separate periods of nadir and
non‐nadir poin-ng.
– Instrument design op-mized

for nadir poin-ng.
– Data useful for understanding

sensor angular response.
• For non‐nadir poin-ng, the

spacecra_ and collimator
block neutrons from hiang
the sensors.

• From 9/15/2009 to
3/15/2010, there were six
periods when the nadir angle
was greater than 100°.
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Spacecra_ Rota-on

• On Oct. 18, the s/c twice
rotated beyond 100°.

• Uncollimated epithermal
sensor shows strong
coun-ng rate changes during
rota-on.
– Spacecra_/collimator material
is blocking the Moon and
sensors do not measure direct
lunar neutrons.

– Quan-ta-ve understanding
requires spacecra_ mass
model.
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Spacecra_ Rota-on

• On Feb. 6, the s/c once
rotated beyond 100°.

• Uncollimated epithermal
sensor shows strong
coun-ng rate changes during
rota-on.
– Spacecra_/collimator material
is blocking the Moon and
sensors do not measure direct
lunar neutrons.

– Quan-ta-ve understanding
requires spacecra_ mass
model.
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Uncollimated Polar
Measurements

• Epithermal
neutron show
decrease at each
pole.

• Uncollimated
epithermal sensor
qualita-vely
similar to Lunar
Prospector.EQ EQ EQNorth PoleSouth Pole
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Global Maps

• Global map of
uncollimated
epithermal sensor
(top).

• Ver-cal stripes due
to imperfect -me‐
series correc-ons.

• Qualita-vely similar
to Lunar Prospector.
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LEND Sensor Overview

• STN1, STN2, and STN3 are
uncollimated thermal neutron
sensors.

• SETN is an uncollimated
epithermal neutron sensor

• CSETN1 – 4 are four collimated
epithermal neutron sensors.
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LEND Sensor Overview
Collimated Sensor

• STN1, STN2, and STN3 are
uncollimated thermal neutron
sensors.

• SETN is an uncollimated
epithermal neutron sensor

• CSETN1 – 4 are four collimated
epithermal neutron sensors.
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Spacecra_ Rota-on

• Data from Oct. 18.

• Collimated sensors show
liQle change in coun-ng
rate during rota-on (<2%).

• Small rota-on effect not
originally expected.
– Ongoing discussions with
LEND team to fully
understand.
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Spacecra_ Rota-on

• Data from Feb. 6.

• Collimated sensors show
liQle change in coun-ng
rate during rota-on (<2%).

• Small rota-on effect not
originally expected.
– Ongoing discussions with
LEND team to fully
understand.
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Collimated Polar
Measurements

• Shows similarity
to Lunar
Prospector
epithermal
neutrons, yet
with poorer
sta-s-cs.

EQ EQ EQNorth PoleSouth Pole
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Global Maps

• Global map of all
collimated detectors
(top).
– 5x5 deg equal‐area pixels
for beQer sta-s-cs.

• Comparison with Lunar
Prospector (LP)
epithermals.
– Collimated sensors show
nearside increase.

– Uncollimated LP shows
nearside decrease.

• Collimated map similar
to LP fast neutrons.
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Conclusions

• Uncollimated sensor gives results consistent with
Lunar Prospector epithermal neutrons.
– BeQer uncollimated results (maps) are expected with
more sta-s-cs and comprehensive data processing.

• Spacecra_ rota-on analysis shows effect with
uncollimated sensor but not with collimated
data.
– Off‐nadir slews provide key flight data to evaluate
sensor angular response.

• Collimated sensors show both epithermal and
fast neutron components.


